Hearing impairment is one of the most frequent chronic conditions in adults in the United States, with epidemiological prevalence estimates reaching 90% in the oldest adults. 1 Hearing impairment is often accompanied by poorer quality of life and is associated with a range of comorbidities including cognitive dysfunction and depression. 2---5 Despite the potential consequences, hearing impairments are often undiagnosed and untreated, and many adults who know they have hearing impairments do not acquire hearing aids. 6, 7 As the US population ages, hearing health care needs and hearing loss---related morbidity will be an increasing burden on the nation's public health infrastructure. A research working group organized by the National Institutes of Health and the National Institute of Deafness and Communication Disorders recently developed a research agenda addressing issues of accessibility of hearing health care. 8 Recommendations included the need to identify factors that influence a patient's access to hearing health care and factors that influence a patient's perceived need and motivation for seeking out hearing health care. Our objective was to determine the prevalence of previous hearing testing and current hearing aid use in a large cohort of adults and to assess characteristics associated with hearing health care use in the general population.
METHODS
Participants in the Beaver Dam Offspring Study (BOSS) were the adult offspring of the participants in the prospective population-based Epidemiology of Hearing Loss Study. 1 Eligibility criteria and participation data for the BOSS have previously been published. 9 Data collection occurred between 2005 and 2008. The 3285 participants ranged in age from 21 to 84 years (mean age = 49 years), 45% of the cohort was male, and the majority of participants were non-Hispanic White. A total of 3130 participants had questionnaire data on hearing testing; of these, 2790 had an audiometric exam. The hearing examination included otoscopy, tympanometry, pure-tone air-and boneconduction audiometry, and 2 word recognition tasks. Consistent with guidelines of the American Speech-Language-Hearing Association, we conducted audiometric testing in a sound-treated booth (Industrial Acoustics Company, New York, NY) using a clinical audiometer (GSI-61; Grason-Stadler, Eden Prairie, MN) with earphones (TDH-50P; Telephonics, Farmingdale, NY) or insert earphones (E-A-Rtone 3A; Cabot Safety Corp., Indianapolis, IN). 10 The clinical audiometer was calibrated every 6 months according to American National Standards Institute standards, and calibration checks were performed daily. 11 We routinely measured ambient noise levels throughout the study to ensure testing conditions remained within these standards. 12 Air conduction thresholds were determined for each ear at 0.5, 1, 2, 3, 4, 6, and 8 kilohertz, and we calculated a 4-threshold (0.5, 1, 2, and 4 kHz) pure-tone average (PTA) for each ear. We defined a mild hearing impairment as PTA greater than 25-decibel hearing level (HL) and less than or equal to 40-decibel HL in either ear (worse ear) and a moderate to severe hearing impairment as PTA greater than 40-decibel HL in either ear (worse ear). We defined bilateral hearing impairment as PTA greater than 25-decibel HL in both ears and unilateral hearing impairment as PTA greater than 25-decibel HL in only 1 ear.
Tests of word recognition in quiet (WRQ) and in competing message (WRCM) used the Northwestern University Auditory Test Number 6. 13 For WRQ, a 25-word list was administered at 36-decibel HL above the individual's threshold at 2 kilohertz in the better ear (using a single female voice). For WRCM, a second list was administered with a single male talker added at 8-decibel HL below the speaker's level at 2 kilohertz in the same ear. We defined poor WRQ and WRCM as less than 80% for WRQ and less than 70% for WRCM. 14 We administered an extensive questionnaire to collect data on demographics, education and a positive history of occupational noise exposure as a self-report of ever holding a fulltime job that required speaking in a raised voice or louder to be heard when within 2 feet from another person. 1, 20 We used the v 2 test for comparisons between participant characteristics and hearing testing. Multivariate logistic regression was used to estimate odds ratios (ORs) and 95% confidence intervals (CIs) and to examine the associations between participant characteristics and having had a hearing test within the past 5 years and hearing aid use. Because participants in BOSS were recruited from families, we reran final multivariate models using general estimating equation (GEE) models, which allowed for the determination of whether familial correlation was having an effect on the results of this study. We performed all analyses using SAS version 9.2 (SAS Institute, Cary, NC).
RESULTS
Hearing health care data were available for 95.3% of the BOSS cohort. Characteristics of the study population with hearing health care data are given in Table 1 . Of the 3130 people in the BOSS cohort with hearing health care data, 1069 (34.2%) had a hearing test in the past 5 years (Table 2 ). More than 9% of the cohort reported never having had a hearing test. Among participants aged 21 to 69 years and aged 70 years and older, 33.6% and 54.7%, respectively, had a hearing test in the past 5 years. In unadjusted models, age (OR = 1.16; 95% CI = 1.11, 1.21; per 5 years of age) and male gender (OR = 2.56; 95% CI = 2.20, 2.98) were associated with increased odds of hearing testing.
Variables Associated with Obtaining Hearing Test
In separate models controlling for age and gender, lower education level (OR = 1.86; 95% CI = 1.53, 2.25; £ 12 years vs ‡ 16 years); lower income level (OR = 1.45; 95% CI = 1.14, 1.84; $30 000---$49 999 vs ‡ $100 000); working in production, operation, or labor occupations (OR = 2.83; 95% CI = 2.36, 3.40); occupational noise exposure (OR = 1.64; 95% CI = 1.40, 1.93); and having talked with a doctor about a hearing or ear problem in the past 5 years (OR = 3.31; 95% CI = 2.75, 3.99) were associated with increased odds of hearing testing in the past 5 years. Marital status, health insurance status, home ownership, and home location were not associated with having had a hearing test (data not shown).
In the multivariate model, older age; male gender; production, operation, or labor occupations; occupational noise exposure; and having talked with a doctor about a hearing problem in the past 5 years remained statistically significant (Table 3) . When we ran the multivariate model with income instead of education, income was also not statistically significant and model fit was very similar (data not shown). Accounting for the familial correlation in a general estimating equation model, the results were also similar (data not shown). Results were similar by age group; however, the association between occupational noise and hearing testing was statistically significant only in the youngest age group (21---44 years). Results were similar for men and women for all variables except for longest held job, where the associations for women (OR = 4.81; 95% CI = 3.26, 7.10) and men (OR = 2.04; 95% CI = 1.56, 2.66) were statistically significantly different (P = .005).
Among participants reporting occupational noise at their current job, the odds of hearing testing increased with the amount of time that job was noisy (OR = 1.61; 95% CI = 1.35, 1.93; per 25% increase). However, among participants with jobs that were noisy 100% of the time (n = 81), only 77.8% had a hearing test in the past 5 years.
Hearing Aid Use
Use of hearing health care (hearing testing, ever use of a hearing aid, or current use of Note. The sample size was n = 3130. Variable counts may not sum to 3130 because of missing data.
hearing aid) was low ( Table 4) . The prevalence of current hearing aid use among those with mild and moderate to severe hearing impairment was 3.9% and 22.5%, respectively. Among participants with hearing impairment (mild---severe) aged 21 to 69 years (n = 358), 10.3% were currently using a hearing aid, and 11.6% of hearing-impaired adults aged 70 years and older (n = 43) were currently using a hearing aid. Current hearing aid use was higher among those with bilateral hearing impairment than among those with unilateral hearing impairment (19.8% vs 1.9%). Participants with poor performance on either WRQ or WRCM had a low prevalence of hearing aid use (current use = 6.9% and 2.1%, respectively). Among those with a hearing handicap or who self-reported hearing problems, hearing testing and hearing aid use were also low.
Hearing aid use was low in all age groups; for example, among those who self-reported a hearing loss (n = 1458), the prevalence of current hearing aid use was 1.4% (n = 5) among those aged 21 to 44 years, 1.4% (n = 8) among those aged 45 to 54 years, and 8.1% (n = 41) among those aged 55 to 84 years.
Of those who reported ever using a hearing aid, 41.3% were not current users (at the time of the examination), suggesting that adherence to hearing aid use was also low in this cohort. In a multivariate model controlling for age and gender, we found that worse-ear PTA (OR = 1.24; 95% CI = 1.15, 1.34; per 5 dB), WRCM (OR = 0.89; 95% CI = 0.80, 0.99; per 5%), and hearing handicap score (OR = 1.31; 95% CI = 1.22, 1.41; per 2 points) were all independently associated with current hearing aid use. Socioeconomic status and occupational variables were not associated with hearing aid use (data not shown). Results were similar when we used WRQ instead of WRCM and when we used hearing aid ever-use instead of current hearing aid use (data not shown).
Among participants who had not had a hearing test in the past 5 years, had never used a hearing aid, and had available audiometric data (n = 1876), 8.7% (n = 164) had a mild to severe hearing impairment. In those younger than 55 years, 5.8% (n = 83) had a hearing loss; in those aged 55 years and older, 18.0% (n = 81) had a hearing loss yet had not had a hearing test in the past 5 years. Among those who had seen a doctor about a hearing or ear problem, 50.5% (n = 297) had not had a hearing test in the past 5 years; of these, 9.4% (n = 28; < 55 years, 5.9%; ‡ 55 years, 19.2%) had a mild to severe hearing impairment.
DISCUSSION
The magnitude of the unmet need for hearing health care in this large adult cohort was considerable. Only half of the participants aged 65 years and older had a hearing test in the past 5 years, and nearly 9% (n = 164) of those without a hearing test had a hearing impairment determined audiometrically at the Occupational status and the presence of noise in the workplace were important correlates of hearing testing. Those working in production, operation, or labor occupations were more likely to have had a hearing test than those working in other occupations, probably because of the link between these occupations and noise exposure. The association between occupation and hearing testing was more pronounced in women than in men, possibly owing to a lack of awareness about the importance of hearing health care for women in the general population. Hearing testing increased with amount of noise exposure in the workplace, suggesting that exposure rules requiring yearly testing implemented by the Occupational Safety and Health Administration may be an important determinant of testing.
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Among older participants, who were more likely to be retired, the association between occupational noise and hearing testing was not statistically significant. Among workers reporting noisy occupational conditions 100% of the time, 22% had not received a hearing test in the past 5 years. Although noncompliance with noise regulations in industry has been documented, these data should be interpreted cautiously because actual workplace noise levels were not measured, and participants may have been working in specific occupations not required to have yearly testing.
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Several recent reports have discussed the important role primary care physicians can play in initiating hearing health care for their patients. 31, 32 In this study, participants who had talked to a doctor about a hearing problem were more likely to have had a hearing test in the past 5 years. This physician interaction may have directly led to an increased use of hearing health care. In a study of US primary care physicians (n = 95), 73% reported screening their Medicare-eligible patients if they suspected a problem or if their patients complained about hearing difficulties. 31 Furthermore, more than 80% responded that they routinely referred these patients with hearing difficulties to an audiologist. Despite these trends, in our study a large percentage (50.5%) of those who had talked to their doctor about a hearing problem had not had a hearing test in the past 5 years. Although some patients may not have needed hearing testing to diagnose and treat the hearing problem, some may possibly have benefitted from referrals for hearing testing. In addition, others seeing primary care practitioners for unrelated health problems may have had undetected hearing impairment. Recent publications have reported that much is likely to be gained by earlier detection of hearing impairment in adults through hearing screening. 33, 34 Indeed, self-perception of hearing quality has been shown to be a predictor of hearing aid acquisition. 7, 35 In this study, hearing handicap was associated with hearing aid use even after controlling for measured hearing level and ability to discriminate words in noise. Despite this, it is too early to advocate for comprehensive screening programs because effective treatment options
are not yet available. According to recent Note. CM = competing message; HL = hearing loss; PTA = pure-tone average. Percentages may not match exactly because of a small amount of missing hearing health care data.
clinical guidelines by the US Preventive Task Force, research is still needed to determine the health benefits of hearing screening. 36 Although observational studies and randomized controlled trials have shown that hearing aids can have an impact on quality of life, a large majority of people do not acquire a hearing aid after being told they have a hearing loss, and adherence to hearing aids as a treatment is low. 6,7,37---41 In this study, hearing aid use was low among participants who self-reported a hearing loss, even among those in the oldest age group. Reasons for not seeking treatment are complex and may include the inconvenience of wearing a hearing aid, pervasive social stigma surrounding hearing loss and hearing aids, or knowledge of others' negative experiences. 7 A comprehensive approach that may entail educating patients and their spouses about the potential improvement in quality of life that can come with aural rehabilitation, providing training and support for hearing aid use, and introducing patients to alternative therapies including assisted listening devices and communication programs may improve utilization rates. 33, 42 At a population level, public health interventions should include educating the public and destigmatizing hearing loss and hearing aids. Once effective approaches have been developed to help patients make the transition from knowledge to treatment to improved health and quality of life, then a focus on screening may be warranted. This investigation into the use of hearing health care used a large population for whom hearing endpoints were measured using standardized protocols in a well-controlled environment. An extensive questionnaire allowed for a thorough determination of the characteristics of those who seek hearing health care. However, this cohort was made up of mostly non-Hispanic Whites, and so prevalence estimates may not be applicable to Americans in other ethnic/racial groups who are often less likely to receive medical care. Nonetheless, given the known disparities in health care access between Whites and disadvantaged minorities, the data from BOSS participants may represent a best-case scenario. Participants in BOSS were the offspring of participants in the Epidemiology of Hearing Loss Study; therefore, these participants may have been more likely to seek hearing-related care than other populations. However, hearing aid usage estimates in BOSS were similar to those in other demographically similar cohorts and national averages. Furthermore, in statistical modeling, results were similar when accounting for family structure, suggesting a negligible familial effect on associations.
The use of hearing health care, namely hearing testing and hearing aid use, was low in this general population of adults. Factors associated with increased hearing health care use included older age, male gender, occupation, and occupational noise. Hearing aid use was low among those who self-reported hearing problems and among those with audiometrically defined moderate to severe hearing impairment. This study's results address some of the research recommendations made by the National Institutes of Health and the National Institute of Deafness and Communication Disorders working group. These recommendations are important because they are aimed at finding ways to improve accessibility to hearing health care, including hearing aids. Although hearing aids are an important component of hearing health care, their effectiveness is limited if patients do not acquire them, or do not use them once acquired, as appears to be the case. Developing effective strategies for moving patients from diagnosis to treatment should be a focus of future research. j
